Concanavalin A (Con A) is taken up by endocytosis in mature erythrocytes of newborn humans but not in adult red cells. 
of Con A, which is known to convert it from the tetrameric to dimeric form, renders Con A inactive in cell agglutination and endocytotic vesicle formation, presumably by reducing the number of oligosaccharide chains simultaneously bound by a single Con A molecule. Ferritin-conjugated succinyl Con A binds to neonatal erythrocytes but does not induce endocytosis; if, however, antibodies to ferritin are now added, endocytosis occurs. These results are consistent with a greater lateral mobility of at least a fraction of Con A receptors in the membrane of the intact neonatal erythrocyte compared to the adult. The results also support the hypothesis that the clustering of receptors is obligatory for endocytosis to occur. No discernible difference was found in the sodium dodecyl sulfate/polyacrylamide gel patterns of the membrane proteins of the neonatal and adult cells.
The current generally accepted view of the structure of biological membranes is of a two-dimensional fluid solution of integral proteins embedded in a lipid bilayer (the fluid mosaic model, ref. 1). Rapid and extensive lateral mobility of the protein constituents of many membranes has been demonstrated (2) . In particular, the binding of a multivalent ligand (such as an antibody or a lectin) to specific receptors in a cell membrane often leads to a lateral clustering followed by an endocytosis of the ligand-bound receptors (3, 4) . It has been appreciated for some time (4, 5) , however, that the membrane of the intact erythrocyte of the adult human is atypical in this respect. Antibodies and lectins bind to receptors on the erythrocyte surface, but do not normally induce any redistributions or endocytosis of the receptors. On the other hand, there is a report (6) that the intact mature erythrocyte of the newborn human does show ferritin-lined endocytotic vesicles when ferritin-labeled antibodies directed to the blood group A antigen are bound to the cell surface. This observation, made before the fluidity of membranes was appreciated, suggested that the mobility of receptors in the membrane of the neonatal erythrocyte might be significantly greater than in the corresponding adult cells (7) . Aside from its medical interest, this possibility seemed of great potential relevance to at least two general and fundamental problems in cell biology: (i) the molecular mechanisms that restrict the lateral mobility of membrane components; and (ii) the molecular mechanisms involved in endocytosis. We have therefore investigated the interactions of several different ligands with neonatal and adult erythrocytes, and report here our results using the lectin concanavalin A (Con A) and its derivatives. from New England Nuclear; glutaraldehyde was from Polysciences and was used without further purification; and chloramine T was from Sigma. Other materials were from sources previously described (11) .
MATERIALS AND METHODS
Preparation of Modified Forms of Con A. Succinyl Con A (sCon A) was made by a modification of the procedure described by Gunther et al. (12) . In order to preserve primary amino groups required for glutaraldehyde conjugation to ferritin only the second succinic anhydride derivatization was performed. This abbreviated treatment resulted in four succinyl groups per Con A monomer. Nevertheless this procedure abolished Con-A-mediated erythrocyte agglutination without affecting red cell binding capacity (see Table 1 ). Succinyl Con A made by this modification chromatographed on gel filtration columns at a position relative to unmodified Con A that was consistent with a dimeric subunit structure. Con A and sCon A were labeled with 12'I by the chloramine T procedure of Hunter (13) . The iodinated protein (100,ug, 0.5 mCi of 125I) was adsorbed to a 0.5 ml (0.6 cm diameter) column of Sephadex G-50 (fine). Protein was eluted with 0.03 M glycine-HCI (pH 2.0) and then neutralized with 1 M Tris-HCl (pH 8.0). Specific activities ranged from 2 to 5 X 106 cpm/,ug. Con A iodinated and purified by this procedure had hemagglutinating activity similar to unmodified Con A.
Preparation of Ferritin Conjugates. Con A was conjugated to ferritin and purified as previously described (11) . An aliquot of '251-labeled Con A was included as a marker for yield and Con A concentration in the isolated product. The gel filtration fractions containing ferritin-Con A (F-Con A) conjugate were pooled and concentrated by centrifugation at 190,000 X g for 90 min at 4°. When the conjugation reaction contained 40 mg/ml of ferritin, 20 mg/ml of Con A, and 0.04% glutaraldehyde the final product contained between 5 and 10% of the starting Con A. Succinyl Con A (40 mg/ml) was conjugated to ferritin (40 mg/ml) with 0.07% glutaraldehyde for 1 hr at 220. The resulting product was purified as above, except that the concentrated material was resuspended in 20 volumes of buffer and the centrifugation step was repeated. The final yield of ferritin-succinyl-Con A (F-sCon A) varied between 3 and 5%.
In each preparation <5% of the total Con A was free. Erythrocyte Incubations and Electron Microscopy. Human adult and cord blood samples were freshly collected into citrate-glucose, stored at 40, and used within 3 days. The citrated blood was centrifuged and washed twice in saline and resuspended to 50% cells. Incubations were performed in conical 1.5 ml polyallomer tubes. Reaction mixtures contained: 200 ,l 0.05 M Tris-HCl (pH 7.5), 0.10 M NaCl, 1 mg/ml of bovine serum albumin; 50 IA of 50% blood; and CaC12, glucose, and adenosine each at a final concentration of 1 mM. After designated incubations the cells were sedimented in a Beckman Microfuge and resuspended in isotonic sodium phosphate (pH 7.4) containing 1% glutaraldehyde. After 1 hr at 00 cells were washed and post-fixed for 2 hr at 00 in 2% osmium tetroxide. Fixed cells were then dehydrated through graded ethanol and propylene oxide and embedded in Epon. Thin sections (60-80 nm) were cut with a Dupont diamond knife on a Sorvall MT2-B ultramicrotome. Sections were stained with lead citrate and uranyl acetate and observed by transmission electron microscopy with the Philips EM Clustering is measured by counting invaginations on the cell surface to which ferritin molecules are attached, and endocytosis by counting ferritin-bound vesicles in thin sections of treated cells (Fig. 1) . Neonatal erythrocytes contain vesicles in addition to those that are induced by Con A (Table 2, ref. 6). These vesicles are found in thin sections of untreated cells and this accounts in part for the high ratio of total vesicles to ferritin-containing vesicles in F-Con-A-treated cells. It is also evident in Fig. la and b that in general only a fraction of the surface of an invagination or an endocytotic vesicle is occupied by ferritin particles, and it is therefore likely that some of the vesicles that do not contain ferritin in sections of F-Con-A-treated cells may have contained ferritin but have been sectioned through regions that happened not to exhibit any ferritin. Therefore, the number of F-Con-A-induced vesicles is probably underestimated in the following data. Table 2 shows several characteristics of the F-Con A reaction, as measured by the average number of ferritin-containing invaginations and vesicles per cell section. Con-A-induced invagination and endocytosis are specific for the neonatal cell, with adult red cells showing no invaginations and one-tenth the number of ferritin-containing vesicles. A Endocytosis Requires Ligand-Mediated Receptor Clustering. The density of F-Con A molecules inside vesicles and on nascent invaginations is greater than on the rest of the neonatal red cell periphery (Fig. 1) . This behavior is consistent with multivalent lectin-induced redistribution of mobile receptors. In order to test the prediction that receptor mobility and clustering are necessary for endocytosis we prepared a modified form of Con A. Treatment with succinic anhydride converts tetrameric Con A to a dimer (12) . This form retains an affinity for mannose-terminated oligosaccharides but will no longer agglutinate cells or redistribute surface receptors. Ferritinconjugated succinyl Con A (F-sCon A) will also not agglutinate red cells (Table 1) . Although anti-Con A antibody will cause sCon-A-treated cells to agglutinate, it will not agglutinate FsCon-A-coated cells. In this case ferritin probably interferes with antibody binding to Con A. Anti-ferritin antibody will, however, agglutinate F-sCon-A-treated cells, whereas it has no effect on sCon-A-bound cells (Table 1) .
Under conditions where the neonatal cell does, and the adult cell does not, respond to F-Con A by the induction of invaginations and endocytosis, neither cell responds to F-sCon A (Table 3) . Endocytosis is restored to F-sCon-A-treated neonatal cells upon the addition of anti-ferritin antibody ( Fig. Ic and d) , with no effect produced with adult cells. Both ferritin-con- (Fig. 2) .
DISCUSSION
We have demonstrated that membrane receptors for Con A are more mobile in the plane of the membrane of intact neonatal erythrocytes than in the membrane of adult cells. This increased mobility is indicated by the F-Con-A-induced clustering of the receptors into areas that form invaginations on the neonatal cell surface. The clustering occurs at 370 but is greatly reduced at 00, as would be expected from the marked increase in effective lipid viscosity at the lower temperature (16) . The same specimens that show ferritin particles lining the external surface of invaginations also show intracellular vesicles with ferritin particles on their internal surfaces, which presumably are formed from such invaginations (see below). Neither invaginations nor endocytotic vesicles are observed under similar circumstances with normal intact adult erythrocytes.
One possible explanation for this mobility difference is that Con A receptors in the membrane are of several kinds, and that a specific mobile receptor is present on neonatal erythrocytes that is absent on adult cells. However, we have shownt that the blood group A antigen (6) (14) , except that gels containing a gradient of acrylamide concentration (3.5-8%) were used. Gels were stained with Coomassie blue and destained, and protein positions were scanned at 550 nm. Adult membrane proteins, solid line; neonatal membrane proteins, dotted line. The band numbers are in accordance with Steck (15) . The diminished staining of lower molecular weight bands may be due to higher acrylamide concentration.
fluidities in the two cell ghosts are indistinguishable. The clustering of Con A receptors on neonatal erythrocytes is very unlike the "capping" phenomenon seen in comparable experiments with lymphocytes (3, 4) and proerythroblasts (17) . Small and discretely separated F-Con A clusters are formed on the neonatal erythrocyte surface, in contrast to the large collection of aggregated receptors that constitutes a cap. The endocytotic vesicles that form are relatively small, whereas such vesicles formed within lymphocytes are much larger. Furthermore, the maximum extent of endocytosis of F-Con A and ferritin-conjugated antibodies to group A antigen is reached when only a small amount (<1% in the latter casef) of the bound ligand is internalized, and this limit is not enhanced by the addition of secondary antibodyt. Taken together, these considerations suggest that only a small fraction of the Con A receptors on the neonatal cell are mobile.
These observations are consistent with the proposal that there exist, or are induced upon ligand binding, discrete domains in the intact neonatal cell membrane within which receptor proteins can exhibit lateral mobility. These mobile domains would be interspersed within a matrix of immobilized receptors, and might be so few and far between as to remain essentially independent of one another. Receptor clustering and endocytosis would be confined within those domains. It Finally, these studies bear directly on the mechanisms of endocytosis. The neonatal erythrocyte, lacking microtubules, smooth muscle myosin-like proteins (26) , and many other structural and enzymatic components present in other eukaryotic cells, is a relatively simple system for such study. We have shown that endocytosis of Con A receptors does not occur without a multivalent Con-A-induced aggregation of its receptors into discrete clusters in the fluid membrane. F-sCon A, because of its reduced valence (12) , is presumably incapable of forming multiple bonds with several Con A receptors, and hence cannot induce receptor clustering, and therefore no endocytosis can occur. However, if bivalent anti-ferritin antibodies are then bound to the F-sCon-A-treated cells, clusters of Con A receptors are now formed by the bridging of multivalent ferritin molecules, and this results in endocytosis. Similar treatments of adult erythrocytes have no effect because there are no domains of Con A receptor mobility in the membrane.
It seems likely therefore, that in this and other systems, cluster formation is obligatory for endocytosis to occur (7, 27) . The suggestion is that the formation of such clusters transmits a signal across the membrane that locally activates an intracellular endocytotic mechanism, so that only the membrane in the vicinity of the cluster is involved in endocytosis; if this hypothesis is correct, the nature of the signal and the mechanism that is activated remain to be discovered.
